Green Supply Chain and the Energy Recovery Plant in Abruzzo  by Cucchiella, Federica et al.
Procedia - Social and Behavioral Sciences 25 (2011) 54 – 72
doi:10.1016/j.sbspro.2011.10.528
Available online at www.sciencedirect.com
 
International Conference on Asia Pacific Business Innovation & Technology 
Management 
Green Supply Chain and the Energy Recovery Plant in 
Abruzzo 
Federica Cucchiella1*, Idiano D’Adamo, Massimo Gastaldi 
Department of Electric and Information Engineering, 
Faculty of Engineering, University of L’Aquila, 
Via G. Gronchi, 18, 67100 L’Aquila, Italy 
 
federica.cucchiella@univaq.it; idiano.dadamo@univaq.it; massimo.gastaldi@univaq.it; 
Abstract 
Environmental protection is one of the key challenges of our society in which you want to combine 
this with the needs of future generations. The prevention and minimization of waste production is 
therefore one priority. It is well-known in Italy how data on the use of recycling is registering a growing 
trend, even by users such aspects are evaluated with a growing importance, however, recourse to the use 
of the landfill is in Italy still very high (53%). 
This work focuses on the downstream phase of the waste collection and seeks to define the possible 
environmental strategy to be adopted in the Abruzzo region. In fact, the location of the plant, the choice 
between a centralized or decentralized if it were possible to fix the area of expertise on a regional and 
non-provincial basis and the system design choices are critical for a proper environmental policy. These 
choices even if they aspire to help reduce air pollution, must have their financial and / or economic 
justification. It is therefore necessary to quantify the profitability of a plant with energy recovery 
compared to the use of landfills. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Asia Pacific 
Business Innovation and Technology Management Society (APBITM).” 
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1. INTRODUCTION 
 
The work produced in recent years concerning the integrated management of waste has analyzed the 
health risks linked to an uncontrolled management of municipal and industrial waste, the impact of 
technological innovation on the collection and treatment, the consumption of raw materials, the closure of 
the cycles of production of goods and the development of local areas of waste management (Astrup, 2009; 
X. Chen, Geng, Y., Fujita, T., 2010; Rojas-Caldelas, 2008). 
The structures of waste management are many: 
x municipal waste collection centres; 
x compost production facilities; 
x facilities for physical and chemical treatment; 
x incinerators with and without energy recovery; 
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x landfills. 
Proper waste management is one that aims to minimize the amount of materials to bring to final 
disposal. In order to achieve this goal it is necessary first to minimize their production and maximize the 
recovery of other materials found there. 
Some principles apply in the regulatory framework of waste management (Commissione Europea, 
2011):  
R "the polluter pays” implies that those who cause environmental damage should bear the costs 
necessary to prevent or compensate; 
R  hierarchy of waste management aimed to avoid the generation of waste and reduce their 
harmfulness; 
R  principle of proximity, under which waste should be disposed of as close as possible to their 
source of production. High transport costs and long distances can only be justified by the 
uniqueness of the waste or the type of technology used. 
In Germany, the Netherlands, Belgium, Sweden and Denmark, the percentage of waste that ends in 
landfill is less than 5%. Italy, located in 10th place, leads to 53% of its waste in landfill, a higher value of 
20% compared to the average of 15 European countries and considered among the "big" only England is 
in a worse situation. 
Energy recovery ranks Italy still in 10th place, recording a value of 14%, which is 10% lower than 
average, with Denmark and Sweden in the lead (Energy & Strategy Group, 2009).  
The objective of this article poses is to deal with a problem of disposal of waste that characterizes a 
particular geographical area. In reference to the sequence of the waste hierarchy, attention is focused on 
the potential economic and financial benefits that energy recovery management can produce compared to 
disposal management (Tseng, 2009). 
The work is divided into several steps: in section 1, after describing the operation of a plant with 
energy recovery, we proceed to illustrate the use of this management system in Italy comparing it with 
other European countries. The growth in this sector has practically stopped in 2005 and the data at the 
regional level are very different from each other. There are some regions that do not make any use of such 
facilities, among them the Abruzzo, which is the Region X for absolute amount of waste taken to landfill.  
The profitability of an incinerator is strongly influenced by the lower calorific value of waste. The 
study conducted by Enea (Iaboni, 2007) explained the details of these reports. Another important 
technical parameter is the division between the production of heat and electricity that is generated as a 
result of combustion of waste. In Section 2, these specifications are reviewed and we proceed to define 
the different variables that make a business plan. In this way, when we have these inputs, we can check 
whether or not the investment is profitable by analyzing different scenarios that are distinguished by a 
different dimension of the system (Section 3). Starting from the value of 50.000 t, all the multiple cases of 
this basic system were analyzed, up to a maximum of 700.000 t. The indicators used for economic and 
financial plant assessment are the Financial Net Present Value (FNPV) and Economic Net Present Value 
(ENPV). 
In Section 4 we define the localization model adopted in this study and configure the territorial area 
as the entire region of Abruzzo. Then, moreover, we separated this region even on a provincial basis and 
considered as sites for the supply only the municipalities having a population exceeding 5.000 units. The 
value of the waste involved is assumed, however, be equal to the value of mixed waste products 
throughout the region. This step leads to the identification of sites in the central scenario and 
decentralized scenarios in the event that 2, 3 or 4 incinerators are to be implemented. 
Below in Section 5, to detect FNPV and ENPV profitability indicators for each scenario, the various 
systems are designed primarily by adopting the logic that the waste is brought to the nearest site of energy 
recovery. 
The strategic analysis that is developed in Section 6 has the task of finding solutions to problems that 
had been set initially:  
A. better a centralized or decentralized solution? 
B. what size should/must the plant/s have? 
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C. are plants with energy recovery financially and economically convenient? 
The first problem was solved by comparing the profitability of systems with transportation costs that 
are recorded in different scenarios and, in order to give strength to the results achieved, the unit cost of 
transport was varied. 
Regarding the second problem the multi-criteria analysis method is used in order to standardize the 
results produced by the financial and economic analysis carried out in different scenarios of demand for 
waste to be valorised.  
The method used for the third problem consists of a set of indicators, in addition to the 
aforementioned FNPV, ENPV, the Financial and Economic Rate of Return, Financial and Economic 
Discounted Payback period, the Discounted Aggregate and Net Cost Benefit are estimated. 
 
2. PLANTS WITH ENERGY RECOVERY 
 
Incinerators with energy recovery, more commonly known as WtE plants, differ from incinerators 
because heat and energy can be obtained from waste combustion in the first, thus reducing the need for 
power plants with fossil fuels and consequently reducing emissions of carbon dioxide while these benefits 
are not derived from the latter (Tsai, 2010). 
The operation of an incinerator can be divided into seven basic steps (Fridland, 2008):  
A. Arrival of the waste: waste from the selection plant is stored in an area with an intake system to 
prevent the dispersal of odours.  
B. Combustion: The oven is equipped with movable grid to allow the continuous movement of the 
waste during treatment. A current of forced air is inserted into the oven to make the necessary 
amount of oxygen that results in better combustion. 
C. Steam production: the strong emission of heat produced by combustion of waste leads to boil the 
water contained in a separate boiler for steam production. 
D. Power generation: the steam generated puts in motion a turbine that, combined with a motor and 
alternator, transforms the thermal energy into electrical energy. 
E. Mining waste: the waste components that resist combustion are collected in a tub full of water 
downstream from the last grid. The slag, cooled in this way, is then extracted and disposed of in 
landfills. 
F. Gas treatment: after combustion, the hot exhaust gases pass through a multi-stage filtration 
system for the removal of the contents of both chemical and solid contaminants. After treatment, 
the fumes are released into the atmosphere. 
G. Ash disposal: the ash residues of combustion are normally classified as non-hazardous waste, 
and particulate matter intercepted by the filter systems are normally classified as hazardous 
waste. 
The current European legislation has led to more effective management of waste disposal, limiting 
the use of landfills. In some countries, like Denmark, Austria, Sweden and Germany, new constructions 
are banned(Tseng, Lin, Chiu, 2009). 
As in all other areas related to environmental issues, the return on investments was mainly produced 
by incentive mechanisms (in Italy the CIP6 have been replaced by green certificates) (Mazzanti, 2008).  
The volume of European municipal solid waste sent to energy recovery in 2009 allowed for the 
recovery of 7 Mtoe in part as heat and partly as electricity (15.215 GWh) (Energy & Strategy Group, 
2009). Analyzing the data, Germany emerges as the absolute leader, producing 17% of the tons of oil 
equivalent (toe), Italy is the fourth largest European market with 900 ktoe (13%) preceded by France 
(16%) and Denmark (14%). 
If this figure is broken down on by per-capita, Italy slips to 8th place on a par with Germany for a 
value of 0.015 toe/capita. Significantly higher values were recorded from Denmark 0.174 toe/capita, 
Sweden 0.070 toe/capita and Holland 0.044 toe/capita. 
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With regard to electricity production, Italy with 1.556 GWh is in 3rd place (10%) after Germany 
(30%) and France (12%). The presence of many district heating networks in Northern Europe (Sweden 
and Denmark) stimulates the conversion of waste to heat. 
Waste production in Italy in 2009 was 32,8 Mt, which is characterized by an increase of 1% since 
2006 and 13% in the last 10 years. It is also noted that differentiated collection on the one hand has 
increased by 121% over the period 2000-2009 on the other hand that since 2007 there is not a matter of 
considerable growth. Finally, the energy recovery shows an increase of 76% over the past 10 years 
mainly developed until 2005.  
In 2009 the value of waste intended for energy recovery amounted to 4,6 Mt, about 14% of the total. 
The rest was distributed as follows: 10% recycling, 23% other forms of recovery and 53% landfill. 
The values vary significantly by splitting the data at regional level (Figure 1), (Energy & Strategy 
Group, 2009) : on the one hand Lombardy produces energy recovery on its waste equal to 47%, Basilicata, 
Emilia Romagna, Friuli and Sardinia are above 20%, on the other Sicily, Valle d'Aosta, Calabria , Liguria, 
Abruzzo, Molise and Campania are at 0%. 
Passing from percent to absolute values shows that 2.813 kt ends in landfill in Lazio, 2.711 kt in 
Sicily, 1.792 kt in Puglia and values over 1.000 kt in Tuscany, Emilia Romagna, Campania and Piemonte. 
The reasons for these discrepancies are to be found in both the benefits of economies of scale of facilities 
and therefore more profitable investments to be made in large catchment area and in different 
environmental policies are implemented locally (Lombrano, 2009) .  
 
Figure 1: Waste management at regional level 
 
Plants with energy recovery in the Italian territory are 53 with a treatment capacity of 6,8 Mt / y 
(Energy & Strategy Group, 2009). Of these it is worth noting that 4,8 Mt/y refer to plants started or 
upgraded since 2004, where technological obsolescence can play a delicate role. There are also plants put 
back into operation or about to be launched equivalent to 1 Mt / y. 
The treatment capacity is on average equal to 120 kt/y. There are 7 medium size plants (more than 
200 t/y), including 3 of the first 4 are located in Lombardy: Brescia 810 kt/y; Acerra 609 kt/y; Milan 450 
kt/y; Parona 380 kt/y. The one in Turin should start soon with 450 kt/y capacity. 
The production of electricity in Italy is privileged compared to heat as the latter requires lower costs 
but is less profitable (Fruergaard, 2010). The main drawback is still represented by the high cost of 
investment in district heating, which as in the case of Brescia and Milan, may be recouped if there is 
proximity to a large residential context. 
In the next section we proceed to describe the framework within which to prepare the business plan 
both from a financial standpoint and from an economic one. 
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3. TECHNICAL AND ECONOMIC CHARACTERISTICS 
 
One of the objectives of this study is to analyze the financial and economic feasibility of an 
incinerator compared to a landfill, which can not be a solution in the long term because of its finite 
capacity. In addition, the construction and operation of a landfill generates less profit for local businesses 
than a system with energy recovery, but is characterized by significantly lower investment and operating 
costs and its environmental impact is seen by the population with less perplexity (Kaplan, 2009). The 
World Health Organization notes how a final opinion cannot be expressed on the relationship between 
waste management and health because, although there is an association between the fact of living near a 
disposal/treatment site and an increase of some diseases, it is not possible to establish a causal link 
between these two phenomena for multi-factorial diseases (World Health Organization, 2007). The same 
study found that new generation incinerators with energy recovery have a significantly better 
environmental impact than those produced by old technology installation (Udomsri, 2010). Several 
studies on the life cycle of waste demonstrate that the emissions from the incinerator are not relevant 
(Damgaard, 2010; Weitz, 2002), that the level of heavy metals in the atmosphere does not show increases 
(Zubero, 2010) and that the use of a radiometric portal can detect radioactive material (Ronchin, 2011). 
Literature has presented an analysis of the French case in which plants were used for the treatment of 
household waste, non-hazardous waste from industries, trade and services, sewage sludge, clinical waste. 
This waste produced bottom ash used for road construction and ferrous and non ferrous metals which, 
however, were intended for the recycling process. Electricity and heat were also produced. The case 
demonstrates that as a result of the plant renewal process, the environmental performance and energy are 
higher (Autret, 2007). 
Having defined the outlook on the theme, the first step in describing an incinerator concerns the 
definition of technical parameters that characterize the system (Table 1):  
x territorial area of expertise: in determining the catchment area it should be noted that a large 
basin can exploit economies of scale. The optimization analysis should only refer to that area. In 
this study we analyze the case on an area of reference regarding the entire Abruzzo region. Cases 
other than these, such as to coincide with the province, leading to different results; 
x quantities of waste to valorise: this parameter is a function of the territorial area of reference and 
environmental policy adopted by the Local authority (Emery, 2007). The objective to be 
achieved in this work is to reduce the use of landfills, allocating the mixed waste to facilities 
with energy recovery. Again in this case, assumptions other than these, such as the assumption 
that only a portion of mixed waste should be valorised, lead to different results. The increase in 
differentiated collection, with the same amount of generated waste, decreases the 
undifferentiated component. In this first phase of work, analyses are conducted that exempt this 
choice and multiple values of 50 kt of waste up to a maximum of 700 kt are considered; 
x lower calorific value of waste (PCI), or the amount of energy or heat that is released after its 
combustion. The average value recorded in plants with energy recovery in Italy equal to 10,4 MJ 
/ kg (2,485 kcal / kg) (Iaboni, 2007) was considered;  
x nature of the waste: considering that almost all are urban; 
x nature of the output produced by the plant: we opted for an intermediate solution between heat 
and electricity (Grosso, 2010); 
x useful plant life set at 30 years, the value recommended by the European Commission for 
projects addressing the Environment (CommissioneEuropea, 2008); 
x deadline for completing work is strongly tied to the acceptance or rejection of the project by the 
territorial organisations (Kikuchi, 2009); 
x assumed financial discount rate of 5% which is recommended by the European Commission. It 
was decided to consider the same value for the social discount rate (CommissioneEuropea, 2008). 
Table 1: Variables – guidance values 
VARIABLES GUIDANCE VALUES VARIABLES GUIDANCE VALUES 
General Parameters Operating costs 
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Life of project 30 y Skilled employees 1 person every 25,000 t 
Investment realization 3 y Cost skilled employee 36 k€ 
Start up phase 0,5 y Not-skilled employees 1 person every 5,000 t 
Time replacement 15 y Cost not-skilled employee 21,6 k€ 
Financial discount rate 5% Labour cost growth rate 0,40% 
Social discount rate 5% Gas consumed 0,00062 k€/t 
Inflation rate 2% Gas consumed growth rate 1,10% 
Waste Ǒ Electricity consumed 0,00143 k€/t 
Urban waste 95% W Electricity consumed growth rate 0,90% 
Other waste 5% W Drinking and waste water consumed 0,00002 k€/t 
Percent of electricity from waste  50% Water consumed growth rate 0,50% 
Percent of heat from waste 50% Raw materials utilised 0,00087 k€/t 
Investment costs Intermediate services and goods 0,00433 k€/t 
Initial investment (PCI 9,2 MJ/kg) ƬOX Elimination of ash and slag waste 0,00899 k€/t 
Initial investment (PCI 10,9 MJ/kg) ƬOY Operating revenues 
Initial investment (PCI 10,4 MJ/kg) IO ƬOX ƬOY - ƬOX)*0,71 Urban waste treatment revenues 0,012 k€/t 
Feasibility study,licensing etc 5% IO  Other waste treatment revenues 0,018 k€/t 
Land expropriation 1% IO Waste treatment decreasing real rate -0,50% 
Buildings 39% IO Recovered electricity 0,04729 k€/t 
Equipments 55% IO Electricity growth rate 0,60% 
Other items Recovered heat 0,02702 k€/t 
Replacement costs 50% IE Heat growth rate 0,70% 
Remediation/decontamination costs 17,14% IO   
Residual value - long life parts 3,10%   
Residual value - short life parts 1,70% (Iaboni, 2007), (CommissioneEuropea, 2008) 
 
The objective of financial analysis is the calculation of appropriate performance indicators, such as 
the financial net present value (FNPV), in order to determine whether or not the project is profitable. This 
analysis uses the forecasts of cash flows that are divided into the total investment in other investment 
items, in costs and operating revenues. 
Investment costs (Table 1) can be divided into direct and indirect: the first include area acquisition, 
the layout of the site, construction of civil works, in the second permissions, design and general expenses 
during construction. 
The total value of the initial investment for the different sizes of the examined plants is chosen 
according to the scientific study conducted by Enea, in which these values are calculated according to the 
treatment capacity and lower heat power of waste. Since the value for the chosen PCI is not available, a 
weighted average was calculated between its two extremes. 
The other investment items (Table 1) refer to the need, on the once hand, that substantial 
maintenance will be performed at mid working plant life to restore the performance of plant components 
and, on the other, that at the end of its useful life, the site will be redeveloped resulting in cash 
expenditures. Income is also generated from the residual plant value. 
Management costs (Table 1) are given by the personnel, consumables, utilities (gas, electricity, 
water), intermediate services/products needed for the overall operation of the plants and disposal of waste 
combustion ash and flue gas treatment line. Certainly this last entry plays a crucial role, since downstream 
from the whole process, it is the one able to determine whether or not the incinerator is environmentally 
sustainable (Phongphiphat, 2011). The criticism against these facilities is that there are no filters on the 
market to pick up these tiny particles. 
The revenue (Table 1) are given by the prices of the treatment paid for by public or private users and 
the production of heat and power, including the incentive system under which it is sold at a value higher 
than that charged by the market. The mechanism of green certificates provides that the share of electricity 
attributable to renewable sources is equal to 51% of total production for the duration of the incentives. 
In the following paragraph, the choices made on the values of the parameters are used for financial 
and economic analyses.  
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4. FINANCIAL ANALYSIS AND ECONOMIC ANALYSIS 
 
The definition of an appropriate set of technical and economic parameters allowed to 14 business 
plans to be drafted. These business plans are those related to systems of different sizes ranging from 
50.000 t up to a maximum of 700.000 t. As an example, following is the cash flow inherent in the 
300.000 t plant (Table 2). 
 
 
Table 2: Financial analysis - 300 kt plant 
 1 2 3 4 5 6 7 8 … 30 
Municipal Waste 0 0 0 1814 3682 3737 3793 3850 … 5330 
Other Waste 0 0 0 143 291 295 299 304 … 421 
Electricity 0 0 0 3932 8070 8280 8497 8719 … 15375 
Heat 0 0 0 2256 4634 4759 4889 5021 … 9050 
SALES 0 0 0 8145 16676 17072 17478 17893 … 30176 
Labour (skilled) 0 0 0 238 487 498 510 523 … 882 
Labour (non skilled) 0 0 0 713 1460 1495 1531 1568 … 2646 
Gas 0 0 0 105 217 224 231 238 … 468 
Electrical energy 0 0 0 241 495 510 525 540 … 1017 
Water services 0 0 0 3 7 7 7 7 … 13 
Raw material 0 0 0 141 288 294 300 306 … 473 
Intermediate service and goods 0 0 0 703 1434 1463 1492 1522 … 2353 
Elimination of ash and slag waste 0 0 0 1460 2978 3037 3098 3160 … 4885 
OPERATING COSTS 0 0 0 3603 7365 7528 7694 7863 … 12736 
Feasibility study,licensing,etc. 5211 0 1303 0 0 0 0 0 … 0 
Land expropriation 1107 553 0 0 0 0 0 0 … 0 
Buildings 0 41733 13911 0 0 0 0 0 … 0 
Equipments 0 30991 46486 0 0 0 0 0 … 0 
INVESTMENT COSTS 6318 73277 61700 0 0 0 0 0 … 0 
Replacement costs 0 0 0 0 0 0 0 0 … 0 
Remediation&decontamination costs 0 0 0 0 0 0 0 0 … 24218 
Residual value 0 0 0 0 0 0 0 0 … 4496 
OTHER INVESTMENT ITEMS 0 0 0 0 0 0 0 0 … 19721 
NET CASH FLOW -6318 -73277 -61700 4542 9311 9545 9784 10030 … -2282 
FNPV -5825          
 
The transition from the financial to the economic analysis required a transformation phase of market 
prices used in the financial analysis into accounting prices, which corrects prices distorted by market 
imperfections. In addition, the economic analysis allows for the consideration of possible externalities 
that result in social benefits and costs are not considered in financial analysis because they do not 
generate actual costs or income.  
This is made possible through the allocation to each income or expense item of a conversion factor 
(CF), suitably chosen. Following is the cash flow statement concerning the 300.000 t plant in which the 
net external benefits equal to 0,009 k € / t are considered, calculated as non-disbursement of the costs 
otherwise incurred for the production of energy by conventional gasoline means (Table 3) 
(CommissioneEuropea, 2008). The chosen indicator chosen was the Economic Net Present Value. 
The external benefits are valued as a positive since, in addition to the direct emissions produced from 
combustion of waste, the indirect emissions that correspond to those avoided should be considered since 
they produce energy which would have been produced by other types of fossil fuels (Riber, 2008). The 
chosen economic value should also be determined by exhaust gas cleaning technology, but there are no 
studies in the literature on the subject. 
The analysis of the results obtained in the 14 business plans defines the impact due to economies of 
scale and estimates the amount of waste to be valorised to have a positive return of investment (Figure 2):  
x The Financial Net Present Value is negative for systems with treatment capacity of less than 
350 kt of waste; 
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x The Economic Net Present Value is always positive. 
In addition, for each plant size, the comparison between the two indicators shows that the ENPV is 
always higher than FNPV. The motivation for this result is to be found:  
R in conversion factors that act specifically on the components of investment and therefore on the 
cash flows that occur primarily reducing its impact on the realised value; 
R the positive externalities, determined by the greater social/environmental benefits compared to 
social/environmental costs produced by the installation of an incinerator.

Table 3: Economic analysis - 300 kt plant 
 FC 1 2 3 4 5 6 7 8 … 30 
Municipal Waste 0,96 0 0 0 1742 3535 3588 3641 3696 … 5117 
Other Waste 0,96 0 0 0 137 279 283 287 292 … 404 
Electricity 0,96 0 0 0 3775 7747 7949 8157 8370 … 14760 
Heat 0,96 0 0 0 2165 4448 4569 4693 4820 … 8688 
SALES  0 0 0 7819 16009 16389 16779 17178 … 28969 
Labour (skilled) 1 0 0 0 238 487 498 510 523 … 882 
Labour (non skilled) 0,6 0 0 0 428 876 897 919 941 … 1588 
Gas 0,96 0 0 0 101 208 215 221 228 … 449 
Electrical energy 0,96 0 0 0 231 476 489 504 518 … 976 
Water services 0,96 0 0 0 3 7 7 7 7 … 12 
Raw material 0,96 0 0 0 136 277 282 288 294 … 454 
Intermediate service and goods 0,72 0 0 0 506 1033 1053 1074 1096 … 1694 
Elimination of ash and slag waste 0,67 0 0 0 978 1995 2035 2076 2117 … 3273 
OPERATING COSTS  0 0 0 2620 5357 5476 5599 5724 … 9328 
Feasibility study,licensing,etc. 1 5211 0 1303 0 0 0 0 0 … 0 
Land expropriation 1,33 1472 736 0 0 0 0 0 0 … 0 
Buildings 0,7 0 29213 9738 0 0 0 0 0 … 0 
Equipments 0,6 0 18594 27892 0 0 0 0 0 … 0 
INVESTMENT COSTS  6683 48543 38932 0 0 0 0 0 … 0 
Replacement costs 0,67 0 0 0 0 0 0 0 0 … 0 
Remediation&decontamination costs 0,68 0 0 0 0 0 0 0 0 … 16468 
Residual value 0,71 0 0 0 0 0 0 0 0 … 4221 
OTHER INVESTMENT ITEMS  0 0 0 0 0 0 0 0 … 12247 
EXTERNALITIES NET 0,96 0 0 0 1296 2592 2592 2592 2592 … 2592 
NET CASH FLOW  -6683 -48543 -38932 6495 13244 13505 13772 14046 … 9985 
ENPV  102759          
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
Figure 2: Financial NPV & Economic NPV as a function of treatment capacity 
 
In the next paragraph, we shall give the location of the plant, which is identified in accordance with 
the objectives to be achieved and in relation to the selected reference area. 
 
5. LOCATION OF PLANTS 
 
Depending on the mode of collection, municipal waste (MSW) can be classified into two distinct 
categories: waste that is collected separately (RD) and wastes that are not subject to this operation, 
identified as unsorted municipal or residual waste (RUR). From the data of the Abruzzo Region (Regione 
Abruzzo, 2011), the total value of the RD in 2009 is approximately equal to that of 2004 but sharply 
down compared to the previous year, the RD has a growth trend that reaches 25% in 2009 and 
simultaneously decreases the RUR. 
The decision to locate one or more energy recovery plants in a given geographical area is through the 
use of a model that displays the waste supply sites as a set of points (Nl), (Alçada-Almeida, 2009). Places 
of supply, equal to a number of 55, were chosen by considering the urban centres with population over 
5.000 at the end of 2010. The objective to be pursued in the choice of location is to minimize 
transportation costs. To achieve this goal it is necessary to define some input variables such as the 
distances (di) of places where to get the waste, the volumes (Vi) that are estimated to be transported equal 
to the unsorted municipal waste in 2009 and its estimated unit cost in Ri = 0,12 ̀Ȁሺݐ כ ݇݉ሻ(Regione 
Abruzzo, 2011) .  
The value of the volume to be transported from a single location to the chosen site is increased by 
the RUR values of places not considered that are equally distributed to the localities in the same province.     
The total value amounted to 516.707 t 
Analytically, transportation costs are minimised by cancelling out the partial derivatives the total 
cost function (ܥܶ ൌ σ ݀௜ே௜ୀଵ ௜ܸܴ௜ሻǢ ݀݅ ൌ ඥሺܺ݅ െ തܺሻʹ ൅ ሺܻ݅ െ തܻሻʹ ); the identification of the coordinates 
(X,Y) of the plant is not affected by the unit cost of transport and the volume to be transported. 
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The solution to the problem has been identified by following these steps:  A. estimating the distance for each location, from a first location in (0.0); 
B. estimating the total cost of transport between each location and the site identified for the location 
of the plant; 
Ͳϭϲ͕ϴϰϬ Ͳϭϴ͕Ϯϵϴ Ͳϭϴ͕ϰϴϱ Ͳϭϰ͕ϵϴϲ Ͳϭϭ͕ϰϴϲ Ͳϱ͕ϴϮϱ
ϰϳϭ ϳ͕ϲϱϳ ϭϬ͕ϵϬϯ
Ϯϯ͕ϯϬϭ ϯϭ͕ϭϮϯ
ϯϳ͕ϰϭϵ ϰϴ͕ϵϮϴ
ϱϴ͕Ϯϳϱ
ϳ͕ϭϲϱ
Ϯϯ͕ϵϴϲ
ϰϭ͕ϲϬϰ
ϲϭ͕ϱϯϳ
ϴϭ͕ϰϲϵ
ϭϬϮ͕ϳϱϵ
ϭϮϰ͕ϰϰϳ
ϭϰϲ͕ϲϵϰ
ϭϲϲ͕ϰϲϳ
ϭϵϭ͕ϵϴϱ
Ϯϭϰ͕ϲϯϭ
Ϯϯϲ͕ϯϭϵ
Ϯϲϭ͕Ϯϳϵ
Ϯϴϰ͕ϴϴϮ
ϱϬŬƚ ϭϬϬŬƚ ϭϱϬŬƚ ϮϬϬŬƚ ϮϱϬŬƚ ϯϬϬŬƚ ϯϱϬŬƚ ϰϬϬŬƚ ϰϱϬŬƚ ϱϬϬŬƚ ϱϱϬŬƚ ϲϬϬŬƚ ϯϱϬŬƚ ϳϬϬŬƚ
&EWs;<ΦͿ EWs;<ΦͿϮ
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C. the new coordinates for the facilities are calculated; 
D. the total cost and the difference between the current coordinates and those of the previous 
iteration are assessed. If the cost is lower than that previously fixed, we continue to iterate until it 
exceeds a threshold value of lowering the cost of 1%. 
The location of the incinerator is identified in one or multiple sites depending on whether the 
centralised or decentralised solution is adopted respectively and the area of reference at the regional or 
provincial level is identified (Longden, 2007). The total number of unsorted municipal waste products 
was then broken down into four provinces of Abruzzo: Chieti (CH), Pescara (PE), Teramo (TE) and 
L'Aquila (AQ); different localisation scenarios were assumed starting from this breakdown. 
In the L1 scenario, the single site needs to valorise the waste produced by the entire region; four sites 
were identified in L4, each chosen on the basis of offer made by each province (Table 4). 
L2 are considered intermediate scenarios considering all possible combinations of pairs among the 
provinces (L2A: CH+PE; L2B: CH+TE; L2C: CH+AQ; L2D: PE+TE; L2E: PE+AQ; L2F: TE+AQ). The 
L3 scenarios L3, however, refer to sets of three provinces (L3A: CH+TE+PE; L3B: CH+PE+AQ; L3C: 
CH+TE+AQ). 
Table 4: Localization of energy recovery systems 
 L1 L2A L2B L2C L2D L2E L2F L3A L3B L3C L3D L4A L4B L4C L4D 
CH # # # #    # # #  #    
PE # #   # #  # #  #  #   
TE #  #  #  # #  # #   #  
AQ #   #  # #  # # #    # 
 120,4 132,6 123,9 109,4 117,1 104,4 88,5 127,3 124,4 113,6 109,0 146,7 128,5 104,0 72,0 
 71,1 62,2 61,0 96,1 53,58 85,3 66,8 64,2 81,9 75,2 65,7 88,7 65,1 37,4 108,5 
 
The areas obtained in the intermediate scenario L2 (excluding L2A located at sea) are combined with 
each other in the assumption of creating only 2 plants; the same is done for L3 in order to have a larger 
range of proposals. 16 scenarios were obtained in all (Table 5): 
x Scenario A: 1 plant; 
x Scenarios B-M: 2 plants; 
x Scenarios N - Q: 3 plants; 
x Scenario R: 4 plants. 
Table 5: Scenarios for the location of incinera 
A B C D E F G H I L M N O P Q R 
L1 L2C L2C L2C L2C L2B L2B L2B L2D L2D L2E L3A L3A L3B L3A L4A 
 L2B L2D L2E L2F L2D L2E L2F L2E L2F L2F L3B L3B L3C L3C L4B 
           L3C L3D L3D L3D L4C 
               L4D 
 
In the case of a decentralized solution, it should decided where the waste collected from 55 locations 
examined is to be conveyed. The criterion of choice is one that minimizes the distance travelled. The 
decision to obtain a larger number of scenarios and "allocate" the waste to a reference site regardless of 
the area of reference on the one hand offers a greater degree of precision in the results obtained, but, on 
the other, is contrary to the principle according to which a given territory is divided into areas of reference, 
each of them tends to self-sufficiency and localization of the system is within that area. 
In this work the analysis was extended to other scenarios, including: 
9 scenario with 1 plant (A), in which the principle outlined above is met; 
9 scenarios with two plants, which are limited to cases C and G meets the part of the principle for 
which sites are chosen based on areas of reference. At the same time, locations L2B (area of 
reference consisting of the provinces of Chieti and Teramo) and L2C (area of reference 
consisting of the provinces of Chieti and L'Aquila) are located in the province of Pescara, and 
thus these analyses cannot be conduced on these two scenarios; 
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9 scenarios with 3 plants; the analyses cannot be conducted since the areas of reference were 
initially identified on a regional basis (ie 1 area) and then on a provincial basis (ie 4 areas). Thus 
there is no objective criterion to divide them; 
9 in the scenario with 4 plants (R) the principle of selection of sites based on areas of reference is 
met but the waste is taken outside of those areas where there is less distance to travel. Thus 
waste cannot be taken out of their relevant areas of reference in the RA scenario. 
After defining the amount reaching each site, plants are dimensioned in the next paragraph. 
 
6. PLANT DIMENSIONING 
 
The choices regarding the size of the plants are related to some assumptions about: first the amount 
of waste that must be treated and second the choices of location.  
In all the scenarios with 3 plants and in the one with 4, dimensioning leads to a maximum treatment 
capacity of up to 600.000 tons, while the others all equal 550.000 tonnes; by adopting the principle of not 
over-sizing the system beyond the required capabilities, plants that have a minimum deviation from the 
required production capacity can be selected. Possible scenarios of this kind are N M, RM, PM, QM , RM. for 
these plants is necessary to quantify the amount upon the maximum level, these quantities are diverted to 
the plant located near the supply sites to minimize transportation costs (Table 6).  
 
 
 
Table 6: Incinerator dimensioning scenarios 
A B C D E F G H I L M N NM O OM P PM Q QM R RA RM 
550 200 250 200 300 400 400 350 300 350 350 250 200 150 150 250 200 250 250 100 150 100 
 350 300 350 250 150 150 200 250 200 200 200 200 250 200 150 150 150 150 200 150 200 
           150 150 200 200 200 200 200 150 150 150 150 
                   150 150 100 
 
Having defined the quantities that must be treated in each plant we can quantify the investment costs 
and quantities of waste involved, knowledge of these variables lets us define the operating results. The 
analysis is carried out by adopting both a financial perspective and an economic perspective. 
In the next section we proceed to calculate shipping costs for each scenario, in order to compare 
them with the indicators of profitability and achieve the identification of the best-case scenario. We 
proceed then to define the size of the plant or plants to be installed in the Abruzzo region. 
 
7. STRATEGIC ANALYSIS 
 
Strategic analysis has the task of identifying the most suitable solution to the case study analyzed in 
this work. Thus, on one hand defining which is the better choice between a single incinerator or several 
incinerators in the area of reference identified in the whole region and, on the other, defining their size in 
order to cope with the current and future situations. 
 
7.1. CENTRALISED OR DECENTRALISED SOLUTION 
 
The economic and financial results that are estimated in this study do not absolutely express the 
wealth generated by the choice of a given scenario (Table 7), but still allows us to identify the most cost-
effective choice. In fact, while the FNPV ENPV indicators define a "to be" result over an "as is", the cost 
of transport only defines the "to be" result. The choice made in this work would not be different from that 
adopted in the event that you consider the cost of transport "as is", because it would add an addendum 
equal to the total value of all scenarios. 
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The various FNPV and ENPV were calculated in the previous section; the value of the distance 
multiplied by two (round trip) and the growth rate of unit cost, fixed at 0, 90% should be added to the data 
mentioned to this point to calculate transport costs. Furthermore, the externalities related to transport, 
estimated at a cost of 0,50 ̀ ݇݉Τ  (Agenzia europea per l'ambiente, 2011) are evaluated in the economic 
analysis. This cost is estimated assuming that the vehicle capacity is 20 tonnes and therefore the number 
of trips is determined by the ratio between the total quantity to be transported and the capacity of that 
vehicle. 
The scenarios should be considered depending on the chosen area of reference: 
9 if it corresponds to the region, all the scenarios are valid;  
9 if it corresponds to each particular provincial area, the analysis should be restricted to 4-plant 
scenarios. 
The analysis in Table 7 shows that:  
 the centralized solution has the best economic and financial results compared to all decentralized 
scenarios; the FNPV is positive only in this case and ENPV is the highest. Transport costs are 
almost always higher, except for some 2-plant scenarios due to the strong similarity between the 
same two sites; 
 if you want to locate two facilities, the best solution is associated with the G scenario, 
characterized by the highest FNPV. In fact, the highest returns are higher compared to lower 
transport costs that occur with scenarios B and H. The economic analysis is the mirror image. 
This solution provides the best performance for a decentralized solution; 
 the solution with 3 plants highlights how the changed scenario is to be preferred over the base 
one (the same result is obtained in the 4-plant solution). In particular scenario OM has the highest 
FNPV and lower transport costs. The economic analysis is the mirror image; 
 the 4-plant solution is the only one where there is a significant reduction in transport costs 
compared to the centralized solution; the results of FNPV and ENPV are still significantly worse. 
The choice of scenario that meets the principle area of reference provides the worst result. 
The strategic choice is therefore found in the centralized solution. Furthermore, it is noted that if the 
decisive criterion was represented only by the financial indicator, all decentralized scenarios should be 
discarded. This result is expected for what was said earlier: a larger facility but not led to production 
capacity saturation can produce worse results than a smaller but saturated “one size” plant.  
In order to give solidity to the results obtained, the unit cost of transport was varied from 0.01 
ሺ̀ ݐΤ ሻ כ ݇݉ in two optimistic sub-scenarios and two pessimistic ones. It is noted that in all sub-scenarios, 
the one plant solution is preferable to the decentralized one, which in turn would see the 2-plant solution 
to be preferred to the 4-plants and even more than the 3-plant one. 
 
Table 7: Financial and economic comparison between scenarios 
 FINANCIAL ANALYSIS ECONOMIC ANALYSIS 
N plant Scenarios Plant FNPV Shipping Costs  Total value Plant ENPV Shipping Costs Total value 
1  A 14826 86804 -71978 192591 95858 96733 
2 
B -30812 71049 -101860 163944 78452 85492 
C -33608 72882 -106490 162188 80483 81706 
D -30812 94738 -125550 163944 104609 59335 
E -33608 86797 -120405 162188 95839 66349 
F -27125 83387 -110512 166258 92081 74177 
G -27125 72378 -99502 166258 79913 86345 
H -30812 72211 -103023 163944 79742 84201 
I -33608 75510 -109118 162188 83368 78820 
L -30812 79353 -110164 163944 87620 76324 
M -30812 88434 -119245 163944 97642 66302 
3 
N -85729 72624 -158353 129471 80198 49273 
NM -64754 72643 -137397 142638 80407 62231 
O -85729 69796 -155525 129471 77047 52424 
OM -64754 69948 -134701 142638 77237 65401 
P -85729 74959 -160688 129471 82761 46711 
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PM -64754 75282 -140035 142638 83121 59517 
Q -85729 73194 -158923 129471 80805 48666 
QM -64754 73308 -138061 142638 80938 61700 
4 
R -111027 36635 -147662 113591 40450 73141 
RM -86365 37755 -124119 129072 41703 87369 
RA -114713 39729 -154442 111218 44360 66858 
 
7.2.DIMENSIONING THE INCINERATOR WITH ENERGY RECOVERY 
 
Different scenarios were assumed to correctly dimension the plant that differ by the different value 
in the starting quantity of waste to be treated. Furthermore, starting from these initial values, different 
patterns of this variable are assumed in the various scenarios during the useful life of the plant. The sizes 
of the plant in question are those of 450 kt, 500 kt and 550 kt, the choice dictated by the two extreme 
values compared to the starting value of waste; the size of 450 kt allows, instead, to have a more complete 
picture. The results refer to the FNPV and ENPV indicators (Figure 3, Figure 4). 
In particular, the starting value set at 516.707 tonnes was decreased in the 5 sub-scenarios at a rate of 
2%, 4%, 6%, 8% and 10%. With regard, however, to the time trends for the waste to be treated, 2 sub-
scenarios are considered: the initial value is subject to an annual downward trend of 1% and another by a 
1% upward annual trend. 
The sizes of the plant in question are those of 450 kt, 500 kt and 550 kt, the choice dictated by the 
two extreme values compared to the starting value of waste; the size of 450 kt allows, instead, to have a 
more complete picture. The results refer to the FNPV and ENPV indicators. The results show that: 
¾ in the sub-scenario with constant trends, the 500 kt plant is better than the others; only when 
starting demand is less than 10% is the 450-kt preferred. 
¾ in the sub-scenario with decreasing trend, the 450 kt plant is always the most cost-effective; 
¾ in the sub-scenario with increasing trends, the 550 kt plant is better than the others; only when 
starting demand is less than 10% is the 500-kt preferred. 
The results obtained in terms of ENPV show that: 
¾ in the sub-scenario with constant trends, the 550 kt is only preferred in the base case, otherwise 
the 500 kt plant is more profitable in the others; 
¾ in the sub-scenario with decreasing trend, the 450 kt plant is better than the others; the 500 kt 
plant only offers better economic results in the base case; 
¾ in the sub-scenario with increasing trend, the 550 kt plant is always the most cost-effective; 
Adopting both an economic and financial outlook, in 78% of sub-scenarios maximizing results is 
pursued through the same choice of location. The reason for these results can be identified solely on the 
ability to saturate the available plant. This explains why certain plants prefer treating waste from other 
areas of reference. In particular, at the European level, this policy has been adopted by Germany, while 
countries such as Italy and Ireland are in an opposite situation (H. W. Chen, Chang, N.B., Chen, J.C., Tsai, 
S.J., 2010). 
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
Figure 3: FNPV – analysis of demand 
 
 
Figure 4: ENPV - analysis of demand 
 
In this context, given the presence of a finite number of alternatives, a multi-criteria analysis is best: 
an approach that includes a variety of techniques that are based on the same pattern: make the various 
selection options explicit among the various criteria or attributes. The criteria are the means by which the 
various alternatives are compared to the decision making goal (Generowicz, 2011; Lootsma, 1997). This 
decision-making tool permits a comparative assessment of alternative projects having substantial 
environmental, social and economic impacts in the context in which they are created. The multi-criteria 
methods of analysis generally fall into five main phases: 
x the definition of one or more arrays of evaluation; 
x normalization of the arrays or evaluation; 
x the assignment of "weights"; 
x the calculation of the law; 
x the sensitivity analysis. 
This analysis was applied to the three dimensions of the project (Table 8). Projects A, B and C 
respectively indicate the incinerators with waste disposal capacity set at 450.000 t, 500.000 t and 550.000 
t; the initial value of the waste to be disposed of (C1). the trend that they have in time (C2) and the 
Financial Net Present Value and Economic Net Present Value as a parameter (P1)are considered as 
criteria to evaluate the projects. 
In order to have a complete overview, a different assignment of weights to criteria and parameters is 
used: 
450000 t 500000 t 550000 t
Decrescente 
516707 t 506373 t 496039 t 
у љ у љ ј у љ ј
Costant 
475370 t 485705 t 465036 t 
ј у љ ј у љ ј ју љ
љу ј Crescente 
450000 t 500000 t 550000 t
Decrescente 
516707 t 506373 t 496039 t 
у љ у љ ј у љ ј
Costante 
475370 t 485705 t 465036 t 
ј у љ ј у љ ј ју љ
љу ј Crescente 
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x WKHWKHLQLWLDOYDOXHVRIWKHZDVWHWREHGLVSRVHGPD\KDYHWKHVDPHZHLJKW&§RUGLIIHUHQW
ZHLJKWZLWKJUHDWHULQFLGHQFHJLYHQWRPRUHOLNHO\HYHQWVDERYHWKHEDVHFDVH& 
x the constant trend of waste to be disposed has the same weight as the one rising and falling 
WRJHWKHU&RUWKHWKUHHWUHQGVKDYHWKHVDPHLQFLGHQFH§& 
x the parameter that evaluates the criteria is composed of FNPV and ENPV contributions: the 
financial index has greater importance (P1 F) or the economic indicator has higher incidence (P1 
(RUKDYHWKHVDPHZHLJKW§3  
The sum of the weights of the criteria shall be equal to 1; while the values assigned to parameters are 
10 for the maximum value and 0 for the minimum in sub-scenarios when you consider all the different 
values of the initial demand, a certain trend of it and a defined evaluation indicator. 
 
Table 8: Multi-criteria analysis 
 A B C 
Parameters Criteria &§ &  &§ &  &§ &  
P1 F 
&§ 4,44 4,67 6,42 6,74 4,77 4,60 
& 4,74 4,89 7,48 7,86 6,32 6,25 
3§ 
&§ 3,97 4,06 6,38 6,66 4,99 4,84 
& 4,28 4,30 7,48 7,83 6,56 6,53 
P1 E 
&§ 3,50 3,46 6,34 6,58 5,21 5,08 
& 3,84 3,72 7,55 7,87 6,93 6,95 
 
The findings of this analysis absolutely define (100%) the size of the plant to 500.000 tonnes which 
is more likely to produce better economic and financial results than the other two dimensions. This is 
because the numerical values of FNPV and ENPV in sub-scenarios in which the size of 500 kt is 
discarded in favour of that of 450 kt or 550 kt are not far from more efficient values. 
Strategic analysis then identifies the centralized solution and sizing of 500.000 tonnes of waste to be 
treated as the best solution to the case study. Economic and financial indicators are calculated below 
(Table 9). 
Table 9: Economic and financial indicators – 500.000 t plant 
INDICATORS VALUE 
Financial Net Present Value N¼ 
Financial Rate of Return 6,03 % 
Financial Discounted Payback period 26,75 y 
Economic Net Present Value 191.985 N¼ 
Economic Rate of Return 14,70 % 
Economic Discounted Payback period 12,17 y 
Discounted Aggregate Cost-Benefit 1,50 
Discounted Net Cost-Benefit 2,14 
 
economic results are significantly better than financial ones for the reasons explained above (conversion 
factors have greater impact on the costs of investment and positive net externalities) and we should point 
out how different they are: 
R the Economic Net Present Value is 8 times higher than the Financial Net Present Value; 
R The Economic Discounted Payback Period defines a return on investment 12 years earlier than 
defined by the Financial Discounted Payback Period;  
R the Economic Rate of Return is 3 times the value of the Financial Rate of Return. 
Cost-Benefit analysis indicators also define that the benefits are greater than 50% of the net benefits 
and costs that are 2 times the cost of investment. 
Numerical values are given below (Table 10), already depicted in Figure 3 and Figure 4, in order to 
highlight that:  
¾ the profit is always positLYHLWVPD[LPXPYDOXHRIN¼895  is posted in sub-scenarios when 
the initial demand is that in the base case or lower than 2% regardless of the constant or 
increasing demand trend. In fact, ENPV is the same as that identified for the 500.000 t plant, 
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which means that in these sub-scenarios the plant works at full capacity. Indeed this case fails to 
meet all the quantity of waste that is produced within its area of reference. Its minimum, equal 
to k€ 129.448  is obtained for the initial demand 10% less than the base case and for the 
downward trend; 
¾ The financial result is always positive in scenarios where the trend is constant or increasing, and 
its maximum is k€ 23.301  and is mirrored to that observed for economic results. It has a 
minimum instead equal to -30.229 k€  
¾ the financial results is negative. This result needs to be read considering that the incinerator 
manager is interested in attracting waste generated in other areas of reference and could reach a 
positive value, the greater the degree of saturation of the system.  
Table 10: 500.000 t plant - analysis of demand 
 Constant Trend Trend ĻSHU\HDU Trend  1% per year 
Waste  FNPV ENPV  FNPV ENPV  FNPV ENPV  
516707  23301 191985 -4191 161875 23301 191985 
506373  23301 191985 -8896 156058 23301 191985 
496039  21362 189363 -14145 147345 23241 191911 
485705  16303 182522 -19530 141380 22678 191175 
475370  11245 175681 -24194 135414 21471 189572 
465036  6186 168840 -30299 129448 19622 187129 
 
The distribution of benefits and costs can also be noted from the analysis of the financial and 
economic business plan for a 500 kt plant:  
9 in the financial analysis, higher profits are primarily gained from the sale of electricity (49%) but 
sale of thermal energy (29%) also plays an important role. These percentages decrease in 
economic analysis, because we must also consider the contribution of net externalities equal to 
11%; 
9 in the financial analysis, investment costs amounted to 45%. Among management costs, disposal 
(18%) and labour (12%) are the highest. In the economic analysis, conversion factors cause 
investment costs to account for just 43%. 
. 
8. CONCLUSION 
 
Proper waste management is one that aims to minimize the amount of materials to bring to final 
disposal. The state of many Italian regions shows a different situation. In particular, attention has been 
focused on Abruzzo, which has a 79% use of landfills and 0% use of plants with energy recovery. 
This work wants to solve an obvious problem that characterizes this region. In the design phase, 
location decisions, and then the system design are critical. Often local authorities attempt to restrict the 
disposal of waste to a small geographical area. 
The size of the incinerator can trigger the NIMBY syndrome, which makes it impossible to achieve 
in practice investments that are theoretically feasible. In order to reduce these disputes, a form of 
communication based on a direct approach rather than a closed one is desirable, as was the case for the 
construction of the Milan plant. 
The location of the sites considers a model that minimizes transportation costs. Thus, a specific area 
is identified that can accommodate an energy recovery plant if it meets other requirements, such as links 
to the main arteries of transport and zoning restrictions.  
This article has shown that the territory should consider a centralized solution over a decentralized 
solution: profitability of the systems decreases in such a way that does not offset the savings on transport 
costs. 
TKHVFHQDULRZLWKD VLQJOHSODQWKDVD)139DPRXQWHGWR¼N WKHPRVWSURILWDEOH-plant 
scenario has FNPV equal to -N¼DQGWUDQVSRUWDWLRQFRVWVDYLQJVRIN¼WKHPRVWSURILWDEOH
scenario with 3 plants has FNPV equal to -N¼DQGWUDQVSRUWDWLRQFRVWVDYLQJVRIN¼WKH
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scenario with 4 plants has FNPV equal to -86,365 k € and transportation cost savings of k € 49,049. The 
economic analysis provides similar results. 
The financial analysis has a positive sign for systems with treatment capacity of at least 350,000 
tonnes, while the positive ENPV is already had with the installations of 50,000 t. 
The starting value of the waste to exploit is 516,707 tonnes, a figure referred to the value of waste 
collection in 2009 and characterized by a declining trend. We chose to compare three different plant sizes: 
450,000, 500,000 and 550,000 t. Using the initial value of the waste and their trends over time as criteria 
and the multi-criteria analysis as profitability indicators, applied to three dimensions demonstrates that the 
500,000 t plant has the highest performance. 
The analysis on the size of the plant has demonstrated that having a larger plant but not driven to 
capacity saturation produces worse results than a "one size" but less saturated plant. 
Thus, with over-sizing on the one hand, economies of scale advantages on the other, the degree of 
saturation produces low handicaps, while under-sizing runs the risk of not exploiting a good share of the 
waste that would go directly to landfill. 
The results define the financial and economic viability of this plant: Financial Net Present Value € 
23,301; Economic Net Present Value € 191,985; Financial Rate of Return 6.03% Economic Rate of 
Return 14.70% Financial 26.75 Discounted Payback period y; Economic Discounted Payback Period 
12.17 y; Discounted Aggregate Cost-Benefit 1.50; Net Discounted Cost-Benefit 2.14.  
The economic results are higher than financial ones die to effect of conversion coefficients acting 
especially on the components of investment and the net effect of externalities, taken as a positive. In fact, 
these systems reduce the need to use the facilities supplied by fossil fuels. 
A plant for energy recovery compared to a landfill reduces emissions on the one hand and produces 
other economic and financial profits on the other. 
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